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S4 (1S,5R,6S)-6-(tert-butoxycarbonyl)-2-oxabicyclo[3.1.0]hex-3-ene-4-carboxylic acid (10)
4b (12.31 g, 51.3 mmol) was dissolved in 400 mL of a 3:1 water-THF mixture. To the resulting turbid solution LiOH (1.35 g, 56.4 mmol, 1.1 equiv) was slowly added, which turns the color to yellow. After 6 h of stirring, the reaction mixture was transferred to a separation funnel and washed with Et 2 O (2 x 150 mL) to recover remaining starting material (15%). The aqueous layer was acidified with HCl (2 M) to pH 2 and extracted with Et 2 O (3 x 150 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure to afford the desired product 10 as a colorless solid (9.85 g, 43.6 mmol, 85%, brsm: 100%). m.p.: 142 °C. R f (PE/EA 1:1) 0.26.
[!] ! !" -23.8 (MeOH, c = 1). IR (neat): ṽ 3038, 2976, 1711, 1655, 1602, 1447, 1385, 1365, 1275, 1159, 1107, 975, 897, 836, 760, 717 cm -1 . 1 H NMR (300 MHz, Acetone): δ 10.22 (s, 1H), 7.36 (s, 1H), 5.03 (d, J = 5.6 Hz, 1H), 2.92 (dd, J = 5.6, 2.8 Hz, 1H), 1.44 (s, 10H), 1.05 (d, J = 2.6 Hz, 1H). 13 C NMR (75 MHz, Acetone): δ 171. 2, 164.8, 157.6, 116.7, 81.6, 69.3, 29.7, 28.2, 22.9 . HRMS (EI-MS, m/z): 226.0841 (C 11 
(1S,4S,5S,6S)-6-(tert-butoxycarbonyl)-2-oxabicyclo[3.1.0]hexane-4-carboxylic acid (11)
10 (9.30 g, 41.2 mmol) was dissolved in 200 mL of an EtOH/water mixture (95:5) and 900 mg Pd/C (10%) were added. After two times vacuum-hydrogen-flashing, hydrogen was applied via a balloon. When the starting material was consumed (about 4 h), the mixture was filtered through celite and washed with 100 mL EtOH, twice. The organic layer was concentrated under reduces pressure to afford the desired product 11 as colorless oil (9.40 g, 41.2 mmol, 100%) which solidified after some days. m.p.: 92 °C. R f (PE/EA 1:1) 0.2.
[!] ! !" +62.4
(MeOH, c = 1). IR (neat): ṽ 3192, 2984, 1703, 1401, 1366, 1320, 1197, 1152, 1116, 1073, 981, 952, 870, 841, 779, 725, 674 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): δ 10.94 (s, 1H), 4.22 -4.11 (m, 2H), 3.68 (t, J = 9.8 Hz, 1H), 3.41 (td, J = 9.5, 5.4 Hz, 1H), 2.40 (td, J = 5.4, 3.8 Hz, 1H), 2.20 (dd, J = 3.7, 0.9 Hz, 1H), 1.41 (s, 9H). 13 C NMR (75 MHz, CDCl 3 ): δ 177. 3, 169.9, 81.3, 67.9, 65.8, 44.4, 28.2, 27.5, 22.9 . HRMS (ESI-MS, m/z):
227.0927 (C 11 , 3008, 2904, 1773, 1711, 1416, 1367, 1295, 1244, 1182, 1132, 1103, 966, 843, 802, 735, 664 
(3S,3aS,6aS)-5-oxohexahydrofuro[2,3-b]furan-3-carboxylic acid (3)
Crude 12 (2.00 g, 11.6 mmol) was dissolved in pyridine (10 mL) together with 10 drops of water and was stirred for 2 h at room temperature. Pyridine was removed by co-distillation with toluene (3 x 5 mL) under reduced pressure. The crude mixture was purified by silica column chromatography (toluene/ethyl formate/formic acid = 1416, 1358, 1295, 1178, 1103, 966, 929, 885, 855, 803, 670, 614 cm -1 . 1 H NMR (300 MHz, MeOD): δ 6.10 (d, J = 5.5 Hz, 1H), 4.31 (dd, J = 9.5, 2.1 Hz, 1H), 4.12 (dd, J = 9.5, 6. 
S6
(3S,4S)-4-(carboxymethyl)-5-oxotetrahydrofuran-3-carboxylic acid (13) 3 (1.41 g, 8.2 mmol) was dissolved in 25 mL acetone and cooled to 0 °C. Within 30 min 8.2 mL Jones-reagent (2.5 M) were added. The mixture turned slowly from orange to green. After 6 h it was transferred to a separation funnel, 10 mL of water were added and it was washed with EA (4 x 25 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The crude mixture was purified by silica column chromatography (PE/EA = 1:2 + HOAc (1 vol%)) to afford the desired product 13 as a sticky oil (1.36 g, 7.23 mmol, 88%). R f (PE/EA = 1:2 + HOAc (1 vol%)) = 0.08 .3321, 2977, 1721, 1699, 1408, 1380, 1259, 1188, 1158, 1085, 1029, 861, 714, 692, 648 6, 173.7, 132.3, 120.1, 118.6, 70.1, 51.6, 44.6, 41.9, 35.9 
((3S,3aS,6aS)-5-oxo-6a-(2-oxopropyl)hexahydrofuro[2,3-b]furan-3-yl)methyl benzoate (-)-(1)
In a flamed dried flask under nitrogen atmosphere 14 (18 mg, 0.079 mmol) was dissolved in 1 mL of dry THF and cooled to -15 °C. To this solution BH 3 . THF (1 M in THF, 166 µL, 0.166 mmol, 2.1 equiv) was added dropwise. After 4 h at -15 °C the mixture was allowed to warm to room temperature. The solvent was evaporated under reduced pressure, and the residue was dissolved in 1.5 mL of dry CH 2 Cl 2 , cooled to -40 °C and treated with DMAP (1 mg, 0.008 mmol, 0.1 equiv), triethylamine (66 µL, 0.474 mmol, 6 equiv) and benzoyl chloride (10 µL, 0.083 mmol, 1.05 equiv). The reaction mixture was allowed to warm to -10 °C. After 1.5 d it was transferred to a separation funnel, treated with 1 mL of a half saturated NH 4 Cl solution and extracted with Et 2 O (3 x 2 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The crude product was dissolved in 2 mL of dry CH 2 Cl 2 , cooled to 0 °C and treated with solid DessMartin Periodinane (DMP; 33.5 mg, 0.079 mmol, 1 equiv). After 3 h at that temperature it was warmed to room temperature and transferred to a separation funnel. The mixture was washed with saturated NaHCO 3 solution (2 x 1 mL). The combined aqueous layers were extracted with CH 2 Cl 2 (2 x 1 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The crude product was purified by silica column chromatography (PE/EA = 2:1) and crystallized from methanol to afford the clean product (-)-1 as white needles (11 mg, 0.035 mmol, 44% based on 14). m.p.: 152 2959, 2925, 2855, 1762, 1705, 1370, 1274, 1209, 1176, 1111, 1040, 947, 921, 709 O (1) 3884 (2) 4619 (2) 4672 (1) 35 (1) O (2) 2911 (1) 1556 (2) 4191 (1) 31 (1) O (3) 357 (1) --1675 (2) 5619 (1) 31 (1) O (4) 855 (1) --4031 (2) 7068 (1) 31 (1) O (5) 2166 (2) --6608 (2) 7829 (1) 39 (1) O (6) 1779 (2) --1494 (2) 9061 (1) 35 (1) C (1) 3479 (2) 3351 (3) 3973 (2) 28 (1) C (2) 3562 (2) 3603 (3) 2758 (2) 29 (1) C (3) 3242 (2) 2012 (4) 1990 (2) 35 (1) C ( (2) 28 (1) C (14) 2525 (2) --1498(3) 6764 (2) 25 (1) C (15) 221 (2) --563 (3) 7441 (2) 32 (1) C (16) 793 (2) --503 (3) 8663 (2) 32 (1) C (17) 58 (3) 891 (4) 9352 (2) 43(1) O (2) 35 (1) 30 (1) 28 (1) 2 (1) 5(1) --6 (1) O (3) 22 (1) 37 (1) 32 (1) 0 (1) 0(1) --2 (1) O (4) 28 (1) 27 (1) 38 (1) 1 (1) 5(1) --6 (1) O (5) 51 (1) 25 (1) 43 (1) 5 (1) 10 (1) --2 (1) O (6) 36 (1) 38 (1) 31 (1) 1 (1) 8 (1) 2 (1) C (1) 23 (1) 28 (1) 34 (1) 2 (1) 8 (1) 3 (1) C (2) 21 (1) 37 (1) 31 (1) 4 (1) 6 (1) 4 (1) C (3) 27 (1) 44 (1) 33 (1) --1 (1) 6 (1) 4 (1) C (4) 30 (1) 64 (2) 32 (1) --3 (1) 4 (1) 5 (1) C (5) 36 (1) 73 (2) 32 (1) 14 (1) 10 (1) 8 (1) C (6) 41 (1) 60 (2) 43 (1) 18 (1) 15 ( C (11) 24 (1) 27 (1) 31 (1) 2(1) 2(1) --4 (1) C (12) 34 (1) 25 (1) 28 (1) --1(1) 7(1) --1 (1) C (13) 26 (1) 27 (1) 30 (1) 4 (1) 5 (1) 2 (1) C (14) 22 (1) 24 (1) 27 (1) 0 (1) 3 (1) --2 (1) C (15) 21 (1) 33 (1) 42 (1) 2 (1) 8 (1) 0 (1) C (16) 30 (1) 28 (1) 40 (1) 0 (1) 13 (1) --5 (1) C (17) 43 (1) 41 (1) 47 (1) Table  2 : Atomic coordinates (x 10 4 ) and equivalent isotropic displacement parameters (Å 2 x 10 3 ) for 3.
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.
Cl (1) 5443 (2) 1615 (1) 2341 (1) 71 (1) N (1) 8548 (5) --1868 (2) 4550 (3) 49 (1) C (1) 6248 (7) 609 (3) 2725 (3) 50 (1) C (2) 4995 (7) --91 (3) 2635 (3) 54 (1) C (3) 5650 (8) --887 (3) 2933 (3) 53 (1) C (4) 7539 (7) --968 (3) 3310 (3) 45 (1) C (5) 8742 (6) --256 (3) 3389 (3) 46 (1) C (6) 8114 (7) 556 (3) 3098 (3) 48 (1) C (7) 8192 (8) --1865 (3) 3612 (3) 55 (2) C (8) 10098 (14) --2183 (4) 3182 (5) 96 (3) O ( (2) 5129 (3) 67 (1) C (9) 3916 (9) 2323 (3) 5254 (4) 70 (2) C (10) 4045 (11) 1629 (3) 4568 (4) 69 (2) C (11) 3177 (8) 823 (3) 4968 (3) 53 (1) C (12) 2720 (8) 1082 (3) 5889 (3) 57 (2) C (13) 5566 (8) 262 (4) 5927 (4) 64 (2) C (14) 4637 (7) 62 (3) 5067 (3) 50 (1) C (15) 3618 ( (7) C(4)--C(7)--H (7) 108.00
C(1)--C(6) 1.371 (7) N(1)--C(7)--H (7) 108.00
C(2)--C(3) 1.380 (7) C(8)--C(7)--H (7) 108.00
C(3)--C(4) 1.390 (7) C (7) 
C (8) 136 (7) 63 (4) 89 (4) 8 (3) 37 (5) 40 (4) O (1) 92 (3) 48 (2) 152 O (1) 4366 (2) 2897 (1) 3804 (1) 19 (1) O (2) 4524 (2) 2787 (1) 1131 (1) 17 (1) O (3) 4550 (2) 3613 (1) --1004 (1) 21 (1) O (4) 968 (2) 5427 (1) 3470 (1) 24 (1) O (5) --2719 (2) 4782 (1) 2260 (1) 21 (1) C (1) 681 (3) 3805 (1) 3370 (2) 16 (1) C (2) 3466 (3) 3746 (1) 4281 (2) 20 (1) C (3) 2972 (3) 2663 (1) 2292 (2) 16 (1) C (4) 683 (3) 3304 (1) 1807 (2) 15 (1) C (5) 1324 (3) 3883 (1) 493 (2) 16 (1) C ( O (1) 21 (1) 20 (1) 16 (1) 1 (1) 2 (1) 5 (1) O (2) 16 (1) 18 (1) 18 (1) 2 (1) 7 (1) 3 (1) O (3) 23 (1) 24 (1) 19 (1) 4 (1) 11 (1) 5 (1) O (4) 27 (1) 18 (1) 25 (1) --1(1) 4(1) --2 (1) O (5) 20 (1) 19 (1) 24 (1) 1 (1) 5 (1) 2 (1) C (1) 19 (1) 17 (1) 15 (1) 1 (1) 7 (1) 0 (1) C (2) 22 (1) 20 (1) 16 ( 
